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14.  Aaatraat 

This  report  contains  the  results  of  the  Operational  Test  and  Evaluation  (OT&E) 
Integration  and  OT&E  Operational  Testing  of  the  Commercial-Off-The-Shelf  (COTS) 

Low  Density  Radio  Communications  Link's  (LDRCL)  23-gigahertz  (GHz)  digital  radio 
system.  The  OT&E  testing  was  accomplished  by  first  testing  the  LDRCL  equipment 
against  its  equipment  specification  (FAA-E-2853A) ,  and  then  performing  OT&E  testing 
at  the  key  site  (Keller,  Texas).  These  tests  proved  that  the  23-GHz  LDRCL 
equipment  can  fulfill  its  mission  in  the  National  Airspace  System  (NAS)  and  that  it 
is  suitable  and  effective. 

Based  on  the  test  results,  it  is  concluded  that  the  23-GHz  LDRCL  equipment  is 
qualified  for  operational  deployment. 
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EXECUTIVE  SUMMARY 


This  test  report  describes  the  results  of  the  Operational  Test  and  Evaluation 
(OT&E)  Integration  and  OT&E  Operational  testing  performed  on  the  Low  Density  Radio 
Comnmlcations  Link  (LDRCL)  23-gigahercz  (GHz)  digital  radio  system  installed  at 
the  Keller,  Texas,  Air  Route  Surveillance  Radar  (ARSR)  site.  The  OT&E  effort  was 
conducted  by  Federal  Aviation  Administration  (FAA)  Technical  Center  personnel 
during  the  period  of  February  10  through  18,  1994. 

The  LDRCL  is  comprised  of  nondevelopment  items  (NDI)  from  the  manufacturers  listed 
below  and  integrated  into  the  LDRCL  system  by  Alcatel  Communications  and  Government 
Systesis  of  Richardson,  Texas. 

Um  MANUFACTURER 

NicroNet  23  Digital  Radio  Microwave  Networks,  Inc. 

Digital  Channel  Bank  Wescom 

Battery/Charger  Power  Conversion  Products  (PCP) 

Remote  Alarm  tfestronic 

During  testing  at  the  FAA  Technical  Center  and  the  Keller,  Texas,  test  site,  it  was 
found  that  this  equipment  did  not  meet  all  of  the  FAA-E>2853A  specifications.  It 
must  be  noted  that  this  equipment  is  NDI  and  was  not  specifically  designed  to  meet 
all  of  the  23>gigahertz  (GHz)  LDRCL  requirements.  FAA  Order  1810.6,  Policy  for  Use 
of  Nondevelopmental  Items  (NDI)  in  FAA  Acquisitions,  allows  for  the  deployment  of 
NDI  equipment  that  does  not  meet  all  specification  requirements,  provided  the 
equipment  is  operationally  effective  and  suitable  prior  to  commissioning  of  the 
subsystem. 

The  following  areas  are  of  concern: 

1.  The  LDRCL  equipment  when  equipped  with  Total  Harmonic  Distortion  (THD) 
filters  meets  all  of  the  requirements  in  Order  6950. 2C  for  the  critical  alternating 
current  (A/C)  power  bus  with  the  exception  of  the  time  requirement  for  the  in- rush 
current  to  return  to  110  percent  of  its  normal  value. 

2.  Without  THD  filters,  this  equipment  exceeds  the  THD  requirement  for  the 
input  current  for  equipment  connected  to  the  critical  AC  power  bus. 

3.  Radio  Frequency  Interference  (RFI)  filtering  must  be  added  to  the  power 
connections  to  the  Uestronics  Alarm  System. 

4.  A  sensing  circuit  must  be  added  to  indicate  when  the  Low  Voltage  Battery 
Disconnect  (LVBD)  has  failed. 


V 


In  rasponse  to  our  concerns,  the  prograa  o££lce  has  agreed  to  install  THD  £ilters 
in  all  systesks  that  will  be  connected  to  the  critical  power  bus  and  add  a  RFI 
£ilter  to  the  Vestronic  Alam  Systen.  A  Engineering  Change  Proposal  (ECP)  is  being 
prepared  to  resolve  the  LVBD  £ailure  problem.  The  program  o££ice  will  request  a 
waiver  for  the  in-rush  current  time  specification  contained  in  Order  6950. 2C  so 
that  LDRCL  could  be  connected  to  the  critical  AC  power  bus. 

Deployment  is  recommended  with  the  conditions  noted  in  section  7  of  this  report. 
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This  report  describes  the  results  ol'  the  Low  Density  Radio  Communications  Link 
(LDRCL)  Operational  Test  and  Evaluation  (OT&E)  Integration  and  OT&E  Operational 
testing  performed  In  Keller,  Texas,  and  at  the  Federal  Aviation  Administration 
(FAA)  Technical  Center.  The  testing  was  performed  In  Keller,  Texas,  during  the 
period  of  February  10  through  February  18,  1994,  with  additional  testing  performed 
at  the  FAA  Technical  Center  to  reverify  test  data  or  complete  testing  that  could 
not  be  performed  at  the  key  site. 

UL-  BACKgRQVWP. 

The  LDRCL  procurement  (Specification  FAA-E-2853A)  will  provide  equipment  to 
replace  and  upgrade  existing  links,  leased  systems,  and  new  requirements  for  data 
communications  for  various  National  Airspace  System  (NAS)  plan  projects  implemented 
In  1990  and  beyond.  Some  of  the  current  links  that  will  be  replaced  are  the  short 
haul  user  access  links  and  leased  lines  remotlng  circuits  which  currently  provide 
connections  between  operational  facilities  such  as  Air  Traffic  Control  Towers 
(ATCT) ,  Terminal  Radar  Approach  Control  (TRACON) ,  and  remote  sites  such  as  Remote 
Communications  Alr-to-Ground  Facility  (RCAG) ,  Air  Route  Surveillance  Radar  (ARSR) , 
Airport  Surveillance  Radar  (ASR)  and  others. 

1.2  PURPOSE. 

The  purpose  of  this  report  is  to  describe  the  OT&E  Integration  and  OT&E  Operational 
testing  performed  on  the  23'glgahertz  (GHz)  digital  radio  system  and  ACW>400A's 
reasons  for  recommending  deployment  of  the  system,  at  this  time. 

1.3-  EARIICIgAKTS- 
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Quality  Control  Program  Requirements 
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Digital  Interface  Requirements 
Analog  Interface  Requirements 
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Open  Systems  Interconnection  Standards 
(Information  Processing  System) 

Electrical  and  Mechanical  Characteristics 
of  Microwave  Relay  System  Antennas  and 
Passive  Reflectors 

Accunet  T1.5  Service  Description  and 
Interface  Specifications 


Bell  Labs 


American  Digital  Hierarchy 


International  Radio  Radio -Frequency  Channel  Arrangements  for 

Consultative  Committee:  Radio  Relay  Systems 

CCIR  REC  283-4 

CCIR  REC  275-3  Pre-Emphasis  Characteristics  for  Frequency 

Modulation  Radio-Relay  Systems  for  Telephony 
using  FM  Multiplexing 


test  APf roach  gONgEPT. 


The  test  approach  and  concept  was  to  evaluate  the  LDRCL  equipment  In  accordance 
with  the  Low  Density  Radio  Communications  Link  (LDRCL)  Master  Test  Flan  and  the 
Low  Density  Radio  Communications  Link  (LDRCL)  Operational  Test  and  Evaluation 
(OT&E)  Integration  and  Operational  Test  Plan.  This  Involved  testing  the 
requirements  contained  In  the  LDRCL  Specification  FAA-E-2853A  associated  with 
the  23 -GHz  radio  system  which  are  contained  In  appendix  A  of  this  document,  the 
MAS-SS-1000  Operational  User's  Requirements  tdilch  are  contained  in  appendix  B  of 
this  docxnsent,  and  requirements  contained  In  the  System  Level/Integration  Test 
Matrix  contained  in  appendix  C  of  this  document. 

The  LDRCL  subsystem  used  for  the  OT&E  Integration  and  OT&E  Operational  tests  was 
comprised  of  termlna).  equipment  at  the  Keller  ARSR  and  Radio  Communications  Link 
Repeater  (RCLR) .  A  block  diagram  of  the  test  configuration  Is  provided  In  figure  1 
and  a  list  of  the  equipment  that  was  tested  at  Keller  and/or  the  FAA  Technical 
Center  Is  listed  In  table  1. 


Keller 

Keller 

ARSR 

RCLR 

Terminal 

Terminal 

Station 

Station 

FIGURE  1.  LDRCL  23 -GHz  DIGITAL  SUBSYSTEM  TEST  CONFIGURATION 
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TABLE  1. 


23 -GHz  DIGITAL  SYSTBt  EQUIPMENT 


Equipment 

Terminal  1 

Terminal  2 

Mlcronet  23  Digital  Radio 

Qty  1 

Qty  1 

DSl  Crossconnect 

Qty  1 

Qty  1 

Uescoa  Channel  Bank  (Redundant) 

Qty  1 

Qty  1 

Westronlc  Alarm  System 

Qty  1 

Qty  1 

202T  modem  for  above 

Qty  1 

N/A 

24-channel  Jackflelds 

Qty  1 

Qty  1 

Standalone  Fault  Monitor 

N/A 

N/A 

Modem  for  above 

N/A 

N/A 

Battery  Charger  System 

Qty  1 

Qty  1 

4  Wire  E&M  VF  cards 

Qty  2 

Qty  2 

4  wire  E&M  E/R  cards 

Qty  24 

Qty  24 

Transmission  Only  E/R  cards 

Qty  1 

Qty  1 

3.  TESTS  AT  THE  FAA  TECHNICAL  CENTER. 


!Rm  testing  done  at  the  FAA  Technical  Center  was  used  to  verify  requlreaents  that 
could  not  be  tested  In  the  field  and  reverlfy  data  collected  In  the  field.  The 
testing  done  at  the  FAA  Technical  Center  was  Halted  due  to  the  late  availability 
of  the  equipment  at  the  center.  The  testing  that  was  accoapllshed  Is  listed  In  the 
following  sections. 


3 . 1  OPERATIONAL  USER-  S  REQUIREMEK: 
MATRIX  (TVRTM)  TESTS  (APPENDIX  . 


TEST  yERinsdim..EEQmf 


rs  TRACEABILITY 


3.1.1  NAS  System  Level  Tests. 

These  tests  were  r\in  to  evaluate  that  the  LDRCL  equipment  can  suitably  and 
effectively  Interface  with  other  NAS  subsystems.  Figure  2  Is  a  typical  NAS  system 
level  block  diagram  of  the  test  configuration  used.  The  Transmission  Impairment 
Measuring  Sets  (TIMS)  simulate  users. 
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These  tests  were  run  to  see  that  the  LDRCL  exibsystem  net  certain  criteria 
established  by  the  progran  office  in  the  Master  Test  Plan.  (MTP) .  Figure  3  is 
a  typical  block  diagram  for  a  subsystem  level  test. 


FIGURE  3.  SUBSYSTEM  BLOCK  DIAGRAM 
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The  following  subsysCem  level  tests  were  run  et  the  FAA  Technical  Center : 


a.  Crosstalk  (TVRTM  test  #2). 

fa.  Alarms  Indication  Test  during  transients  (TVRTM  test 

c .  Maintainafaillty  Test  (TVRTM  test  #4) , 

d.  Line  Replaceafale  Unit  (LRU)  Removal/Replacement  Test  (TVRTM  test  if 5) , 

e.  LDRCL  Electromagnetic  Interference  (EMI) /Radio  Frequency  Interference 
(RFI)  Test  (TVRTM  test  #11). 

3-2  SY.STEM  LEVEL/INTEGRATTOW  TEST  MATRIX  TESTS  r APPENDIX  CK 

IaIA _ WAS  SYStva  Uvyl  Tv8tg> 

These  tests  were  run  to  evaluate  that  the  LDRCL  equipment  can  suitably  and 
effectively  interface  with  other  NAS  subsystems.  See  figure  2  for  a  typical 
NAS  system  level  block  diagram  of  the  test  configuration  used.  The  TIMS  simulate 
users. 

The  following  NAS  system  level  tests  were  run  at  the  FAA  Technical  Center: 

a.  Modem  to  LDRCL  Test, 
fa.  ANMS  to  LDRCL  Interface  Test, 

c.  Total  Harmonic  Distortion  Test, 

d.  In- rush  Current  Test. 

2.2  Subsystem  Level  Tests. 

These  tests  were  run  to  see  that  the  LDRCL  subsystem  met  certain  criteria 
established  by  the  FAA  Technical  Center  in  the  Low  Density  Radio  Communications 
Link  (LDRCL)  Operational  Test  and  Evaluation  (OT&E)  Integration  and  Operational 
Test  Flan.  Figure  3  is  a  typical  block  diagram  for  a  subsystem  level  test. 

The  following  subsystem  level  tests  were  run  at  the  FAA  Technical  Center: 

a.  Envelope  Delay  Distortion  Test, 

b.  Frequency  Translation  and  Level  Test, 

c.  Channel  Amplitude  Frequency  Response  Test, 

d.  Phase  and  Jitter  Test, 

e.  Voice  Frequency  Performance  Test, 

f.  Degraded  Operations  Test. 


lATlOH  TESTS  AT  JSEY  RITE. 


Testing  done  at  the  key  site  is  used  to  verify  that  the  new  subsystem  can  be 
successfully  installed  and  operated  at  a  NAS  operation  site.  These  tests  were  run 
to  evaluate  that  the  LDRCL  equipment  can  suitably  and  effectively  interface  with 
other  NAS  siibsystems. 
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^..L-rAA-E-285?A  TVBTH  TESTS  (/tffBWPIX  Al. 

These  tests  were  run  by  the  contractor  during  Factory  Acceptance  testing  and/or 
Site  Acceptance  testing  and  witnessed  by  the  FAA  Technical  Center  personnel.  These 
tests  were  run  to  evaluate  how  well  the  LDRCL  equipment  met  the  LDRCL 
specification. 

4.2  OPERATIONAL  USER’S  REQUIREMENT  TVRTO  TESTS  (APPENDIX  B) . 
fr.2.1 _ NAS  System  Level  Tests. 

These  tests  were  run  to  evaluate  that  the  LDRCL  equipment  can  suitably  and 
effectively  Interface  with  other  NAS  subsystems.  Figure  4  Is  a  typical  NAS  system 
level  block  diagram  of  the  test  configuration  used.  The  Flreberd  provides  digital 
data  which  simulates  a  user  such  as  a  radar.  The  Modem  Is  a  Codex  3600  which 
represents  part  of  the  Data  Multiplexing  Network  (DMN)  Subsystem  and  helps  simulate 
the  necessary  connections  for  the  LDRCL  subsystem  to  IMd  subsystem  Interface. 


FIGURE  4.  TYPICAL  NAS  SYSTEM  BLOCK  DIAGRAM 


The  following  NAS  system  level  test  was  run  at  the  key  site: 
a.  AC  Power  Test  (TVRTM  test  #7). 
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Th«80  tests  were  run  to  see  that  the  LDRCL  subsystem  met  certain  criteria 
established  by  the  FAA  Technical  Center  in  the  LDRCL  OT&E  Integration  and 
Operational  Test  Plan.  See  figure  5  for  a  typical  block  diagram  for  a 
subsystem  level  test. 


FIGURE  5.  SUBSYSTEM  BLOCK  DIAGRAM 


The  following  subsystem  level  tests  were  run  at  the  key  site; 

a.  Crosstalk  (TVRTM  test  #2), 

b.  Maintainability  Test  (TVRTM  test  #4), 

c.  LRU  Removal/Replacement  Test  (TVRTM  test  #5). 

4.3  SYSTEM  LEVEL/INTEGRATIOM  MATRIX  TESTS  (APPENDIX  . 

4>a.I,.HAS  gYStCB  LVYfii.-Ifigtg. 

These  tests  were  run  to  evaluate  that  the  LDRCL  equipment  can  suitably  and 
effectively  Interface  with  other  NAS  subsystems.  See  figure  4  for  a  typical  NAS 
system  level  block  diagram  of  the  test  configuration  used.  The  Fireberd  provides 
digital  data  which  simulates  a  user  such  as  a  radar.  The  Modem  is  a  Codex  3600 
which  represents  part  of  the  DMN  subsystem  and  helps  simulate  the  necessary 
connections  for  the  LDRCL  subsystem  to  IMfN  subsystem  interface. 

The  following  MAS  system  level  tests  were  run  at  the  key  site: 

a.  Modem  to  LDRCL  Test, 

c.  Total  Harmonic  Distortion  Test. 

4.3.2  Subsystem  Level  Tests. 

These  tests  were  run  to  see  that  the  LDRCL  subsystem  met  certain  criteria 
established  by  the  Program  Office  in  the  MTP.  Figure  5  is  a  typical  block  diagram 
for  a  subsystem  level  test. 


8 


'  i 

Hm  following  md>ayst«i  l^vsl  tests  were  run  nt  tfas  ksy  site: 


e.  Envelope  Delay  Distortion  Test, 

b.  Frequeiusy  Translation  and  Level  Test, 

c.  Channel  Anplltuda  Frequency  Response  Test, 

d.  Fhase  and  Jitter  Test, 

e.  Voice  Frequency  Perfonance  Test, 

f.  Silent  Failvire  Test. 


5.  .,  TEST  MSVLTS- 


5^1  TEST  RESULTS  AT  THE  FAA  TECHNICAL  CENTER. 

UmJL _ Operational  User*s  Requirements  TVRTM  Test  Results  (Appendix  B). 

Eleven  test  requirements  are  specified  In  the  FAA  Master  Test  Plan  Operational 
User's  Requlreannts  TVRTM  (also  contained  in  appendix  B  of  this  document).  Out  of 
these,  seven  were  requirements  to  be  tested  by  the  FAA  Technical  Center  and  four 
were  requirements  to  be  tested  by  the  shakedown  test  team.  Out  of  the  seven  tests 
tested  at  the  FAA  Technical  Center,  six  passed  and  one  failed.  The  one  that  failed 
does  not  affect  the  operational  performance  of  the  radio  and  is  considered  a  minor 
deficiency.  The  test  that  failed  was  the  EMI/RFI  test.  The  equipment  that  was 
affected  by  the  radiated  field  was  the  alarm  monitoring  system  and  this  was  at  a 
very  high  field  strength  which  normally  would  not  be  encountered  In  the  LDRCL 
environment. 


_ System  Laval  Requirements  Verification  Test  Results  (Appendix  C) . 

Eleven  test  requirements  are  listed  In  the  system  level/integration  Test  Matrix 
contained  In  appendix  C  of  this  report.  Out  of  the  11  tests,  8  tests  passed 
cf^letely.  One  of  the  tests  that  passed  at  the  FAA  Technical  Center  did  fall  at 
the  key  site.  It  was  the  silent  failure  test.  The  system  at  the  FAA  Technical 
Center  Is  not  equipped  with  a  battery  backup.  The  system  at  the  key  site  contains 
a  silent  failure  associated  with  the  battery  system.  Three  tests  that  did  not 
completely  pass  the  specification,  but  do  not  affect  the  operational  performance  of 
the  system,  are  considered  minor  deficiencies.  For  more  details,  see  the  notes 
associated  with  the  tests  In  appendix  C. 


5.2  OT&E  I] 


ATlffl  TEST  .EESyLTS. 


5.2.1  FAA.E.28S3A  TVRTM  TEST  RESULTS. 


Fifty-nine  subsystem  level  test  requirements  are  specified  for  the  LDRCL  23 -GHz 
digital  radio  system  (appendix  A) .  Forty- two  passed,  8  failed,  8  could  not  be 
completely  verified,  and  1  was  not  tested.  (See  the  notes  associated  with  the 
TVRTM.)  The  tests  that  did  fall,  failed  because  the  equipment  selected  was  NDI 
equipsMnt  which  did  not  entirely  meet  the  LDRCL  specifications.  The  failed  tests 
were  CMOsidared  as  nonerltlcal  to  the  acttial  performance  of  the  radio  system  and 
are  eonaidered  minor  deficiencies  which  do  not  affect  the  operational  performance 
of  the  radio  system. 
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At  the  OT&E  key  site  there  were  II  Operational  User's  Requirements  Tests 
(appendix  B)  which  could  be  performed  on  the  23 'GHz  digital  radio  system.  Three 
requirements  were  successfully  verified  at  the  key  site.  Three  tests  could  not  be 
verified  at  the  key  site  as  the  system  was  not  connected  Into  the  RCL  as  required. 
One  test,  the  RFI  test,  could  not  be  nm  at  the  key  site  as  It  would  Interfere  with 
all  microwave  transmissions  in  the  area,  and  four  tests  will  be  verified  during 
OT&E  Shakedown  tests.  The  tests  that  could  not  be  performed  at  the  key  site,  were 
performed  at  the  FAA  Technical  Center  (see  section  5.1.) 

JLJ — System  Level/Inteeratlon  Matrix  Test  Results. 

Eleven  test  requirements  are  listed  In  the  system  level/lntegratlon  Test  Matrix 
contained  In  appendix  C  of  this  report.  Out  of  the  11  tests,  6  tests  passed 
completely.  Three  tests  did  not  completely  pass  the  specifications  and  are 
considered  minor  deficiencies  which  do  not  affect  the  operational  performance  of 
the  system.  One  test,  the  silent  failure  test,  completely  failed.  This  Is 
considered  a  moderate  deficiency  which  needs  to  be  corrected.  One  test  was  run 
at  the  key  site.  For  more  details,  see  the  notes  associated  with  the  tests  In 
appendix  C. 


6.  CONCLUSIONS. 


P.l.  laoi  AT  THE  fAA  TECHNICAL  CENTER. 

Operational  User's  Requirements  Test_ Verification  Requirements  Traceability 
Matrix  fTVRTM)  Test  Conclusions. 

Based  upon  the  test  results  obtained,  the  conclusion  for  the  requirements  that 
failed  are  as  follows: 

a.  Verify  that  the  Low  Density  Radio  Communications  Link  (LDRCL)  Is  not 
affected  by  electromagnetic  radiation  and  does  not  affect  other  Federal  Aviation 
Administration  (FAA)  systems  with  Electromagnlc  Interference  (EMI). 

This  requirement  was  not  met.  The  Westronlc  Alarm  System  experienced 
Interference  problems  In  the  presence  of  a  radiated  field.  This  problem  Is  not 
satisfactory  and  should  be  corrected. 

6^L^2_  System  Level/Intezratlon  Test  Matrix  Test  Conclusions. 

Based  upon  the  test  results  obtained,  the  conclusions  for  the  requirements  that 
failed  are  as  follows: 

a.  Modem  to  LDRCL  Interface  Test. 

Tests  at  the  FAA  Technical  Center  Indicate  that  when  a  Codex  3600  modem 
operates  at  speeds  of  19,200  and  9,600  bits  per  second  (bps)  over  4 -wire  Ear 
and  Mouth  (E6M)  cards,  4-wire  E6M/Extended  Range  (ER)  cards,  or  Transmission  Only 
Extended  Range  (TO/ER)  cards,  errors  are  produced.  The  Bit  Error  Rates  (BER)  are 
In  the  range  2E-07  and  2E-08.  This  Is  satisfactory. 


b.  Total  Harmonic  Dlatortlon  (THD). 

The  1  DSl  aystea  testad  In  Keller,  Texas,  without  THD  filters  does  not  neet 
the  critical  bus  criteria  contained  In  Order  6950. 2C.  The  8  DSl  configuration  with 
THD  filters  at  the  FAA  Technical  Center  does  aeet  this  requlreaent.  Therefore,  It 
Is  concluded  that  to  aeet  the  current  THD  requlreaent  for  the  critical  bus,  THD 
filters  are  required.  For  noncritlcal  AC  power  b\is  Installations,  THD  filters  are 
not  required.  This  Is  satisfactory. 

Both  the  1  DSl  system  without  THD  filters  and  the  8  DSl  system  with  THD 
filters  pass  specification  FAA*G-2100F,  Electronic  Equipment,  General  Requirements 
Specification.  This  Is  satisfactory  for  noncritlcal  bus  Installations. 

c.  In- rush  Current. 

The  8  DSl  radio  system  at  the  FAA  Technical  Center  does  not  meet  the  critical 
bus  criteria  contained  In  Order  6950. 2C.  Specifically,  It  Is  the  time  It  takes  for 
the  In- rush  current  to  return  to  110  percent  of  the  normal  value.  The  requirement 
Is  8  milliseconds  (ms).  LDRCL's  value  Is  approximately  350  to  400  ms.  This  Is  not 
satisfactory  for  critical  alternating  current  (A/C)  bus  Installations  and  should  be 
corrected. 

The  8  DSl  radio  does  meet  the  In- rush  requirements  contained  In  specifica¬ 
tion  FAA-G-2100F,  Electronic  Equipment,  General  Requirements  Specification.  This 
Is  satisfactory  for  noncritlcal  bus  Installations. 

6^_QPERAIIQMALJEST  AND  EVAUJATION  (OT&E)  INTEGRATION  TEST  COHCUJSIONS. 

_ FAA-E-2853A  TVRTM  Test  Conclusions. 

Based  upon  the  test  results  obtained,  the  conclusions  for  the  requirements  that 
failed  are  as  follows: 

a.  Specification  Paragraph  3.2.1  General .  All  performance  requirements 
specified  shall  be  mez  when  the  equipment  Is  assembled  Into  a  system  In  the 
configuration  that  will  be  Installed  for  field  operation. 

This  requirement  was  not  met.  This  nondevelopmental  Item  (NDI)  equipment  does 
not  completely  meet  all  the  requirements  specified.  This  Is  still  satisfactory  as 
the  equipment  will  accomplish  Its  mission  in  the  National  Airspace  System  (NAS). 

b.  Specification  Paragraph  3.2.3,  Equipment  Configuration.  For  a  digital 
system,  the  failure  sensing  shall  be  Initiated  by  the  system  BER.  The  threshold 
level  for  switching  operation  shall  be  adjustable  and  normally  set  to  operate  at  a 
BER  of  lOE-06. 

The  equipment  does  not  switch  on  BER.  The  equipment  switches  on  the  automated 
gain  control  (AGC)  voltage  level.  The  switch  point  Is  adjustable  and  can  be  set  to 
switch  at  a  level  that  would  approximate  a  lOE-06  BER  which  Is  satisfactory. 

c.  Specification  Paragraph  3.2.4,  Radio  Fraouencv  Cotnoler.  A  radio  frequency 
(RF)  coupler  shall  be  provided  chat  will  present  a  mlnlsnim  of  30  decibel  (dB)  of 
forward  attenuation  to  the  RF  signal  for  testing  purposes. 
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This  equlpaent  hss  a  coupler  built  into  the  transmit  waveguide  path.  This 
co\q>ler  is  a  precision  20-dB  coupler  which  is  not  the  30-dfi  coupler  specified. 

Since  this  is  NDI  equipment  and  the  coupler  is  only  used  for  monitoring  purposes, 
this  is  satisfactory.  Also,  it  does  not  affect  the  operational  performance  of  the 
radio . 

d.  Specification  3.2.8,  Receiver /Combiner  Switch.  The  receiver/combiner 
switch  shall  not  cause  interruptions  or  transients  which  may  degrade  the  signal. 
Laval  changes  due  to  autoisatic  combiner/switch  action  shall  not  cause  loss  of 
digital  data. 

The  radio  was  not  designed  with  hitless  switching.  Therefore,  dvirlng  a 
receiver  or  transmitter  switch,  the  radio  will  experience  a  loss  of  data.  If  the 
path  analysis  is  done  correctly,  this  should  happen  less  than  56  minutes  per  year. 
This  is  satisfactory. 

e.  Specification  3.3.13.5.1,  Narrowband  Digital  Mux  Configuration.  As  an 
option,  a  narrowband  digital  multiplexing  configuration  shall  be  provided  which  is 
capable  of  multiplexing  one  DS*1  channel  with  occupied  bandwidth  not  to  exceed 
1.6  megahertz  (MHz). 

The  radio's  bandwidth  for  one  DS-1  radio  is  7  MHz,  not  the  1.6  MHz  specified. 
This  means  that  we  may  not  be  able  to  use  this  radio  in  areas  that  have  a  congested 
23 •gigahertz  (GHz)  frequency  band.  This  is  acceptable  as  we  still  have  vises  for 
the  radio  in  noncongested  areas  and  other  LDRCL  radios  can  be  used  in  the  area  that 
have  a  congested  23 'GHz  frequency  band. 

f.  Specification  Paragraph  3. 8. 1.1,  A  Low  Voltage  Load 

Disconnect  (LVLD)  unit  shall  be  provided  that  is  capable  of  removing  the  batteries 
from  the  load  when  a  predetermined  cell  voltage  limit  has  been  reached  thus 
preventing  damage  to  the  battery  bank  due  to  excessive  cellular  discharge  (normally 
1.75  volts  per  cell).  The  LVLD  shall  also  be  equipped  for  resmte  control  operation 
that  permits  control  via  the  LDRCL  alarm  monitoring  and  control  subsystem.  A 
feature  shall  be  incorporated  that  allows  local  and  remote  override  of  the  switch 
function.  Reset  of  the  switch  shall  be  automatic  when  the  battery  compliment 
recharges  to  normal  operational  voltage. 

The  automatic  reset  of  switch  after  the  batteries  are  charged  to  normal 
operating  voltages  is  not  incorporated.  Switch  resets  once  alternating  current 
(A/C)  power  is  restored  to  power  supplies.  This  is  satisfactory  as  most  NDI  radio 
systems  are  designed  this  way. 

g.  Specification  Paragraph  4.3,  System  Tests.  The  contractor  shall  conduct 
on  the  first  system  of  each  type  ordered,  factory  iystem  end-to-end  performance 
acceptance  tests ,  i . e . ,  the  tests  required  to  demonstrate  to  the  government  that 
the  system  meets  the  requirements  as  specified.  The  tests  shall  demonstrate  chat 
all  equipment  is  operating  within  the  normal  operating  tolerances  as  stated  in  the 
equipment  documentation. 

The  equipBwnt  does  not  meet  all  the  requirements  as  specified  because  it  is 
NDI  equipment.  All  the  specification  requirements  Chat  are  not  met  will  not 
affect  the  operational  performance  of  the  system.  For  NDI  equipment,  this  is 
satisfactory. 
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h.  Specification  Paragraph  4.4,  Field  SvatM  Taata.  When  aite  inatallation 
of  a  Microwave  systen  is  ordered  by  the  govemMnt,  the  contractor  shall  conduct 
field  systen  end>to-end  perfonance  acceptance  tests,  i.e.,  the  tests  required  to 
deannstrate  to  the  government  that  the  system  is  installed  and  operating  in 
accordance  with  the  requirements  as  specified.  The  tests  shall  demonstrate  that 
all  equipment  is  operating  within  the  normal  operating  tolerances  as  stated  in  the 
equipment  documentation. 

The  equii«ent  does  not  meet  all  the  requirements  as  specified  because  it  is 
NDI  equipment.  All  the  specification  requiresMnts  that  are  not  met  will  not 
affect  the  operational  performance  of  the  system.  For  NDI  equipment,  this  is 
satisfactory . 

i..2.Z  -QB«a.tipnaLg8W*8  Rqqwirqmgnts  TVSTH  Ttst  Cqnclwalona- 

All  the  teats  that  could  be  tested  at  the  key  site  were  successfully  coispleted. 

For  additional  conclusions  on  testing  associated  with  this  matrix,  see  section 

6.1.1. 

UL2 _ System  Level /Integration  Matrix  Test  Conclusions. 

All  testing  associated  with  this  matrix  was  successfully  completed  with  the 
exception  of  the  silent  failure  test.  This  test- was  not  successfully  completed  and 
additional  work  is  necessary  to  correct  the  problem  encountered  during  this  test. 


7.  RECOMMENDATIONS. 


Based  on  all  test  results,  it  is  recommended  that  the  23-gegahertz  (GHz)  Low 
Density  Radio  Communications  Link  (LDRCL)  digital  radio  system  be  deployed  at  this 
time  under  the  following  conditions: 

a.  The  following  two  items  have  not  been  tested  and  may  not  be  deployed  until 
successful  Operational  Test  and  Eval\iation  (OT&E)  testing  has  been  performed. 

1.  Seismic  Rack 

2.  4>Hire  Ear  and  Mouth  (E6M)/Private  Line  Automatic  Ringdown 
(PLAR) /Extended  Range  (ER)  voice  card 

b.  A  ferrite  or  Radio  Frequency  Interference  (RFI)  filtering  will  be  added  to 
the  Vestronic  VS2000  alarm  system  input  power  lines  during  site  installation  as 
indicated  in  a  swmo  sent  to  the  Federal  Aviation  Administration  (FAA)  Techncial 
Center  by  the  program  office. 

c.  A  switch  or  some  kind  of  sensing  circuit  will  be  added  to  the  Low  Voltage 
Battery  Disconnect  relay  to  indicate  when  the  relay  has  failed. 
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d.  For  critical  alternating  current  (A/C)  power  bus  Installations,  Total 
Haraonlc  Distortion  (THD)  filters  will  be  Installed  and  a  waiver  oust  be  granted 
that  releases  LDRCL  froa  the  requirement  that  the  diuratlon  of  the  in- rush  current 
shall  not  exceed  8  Billiseconds  (as).  (Return  to  110  percent  of  Its  noraal  value.) 
LDRCL  exceeds  this  requlreaent.  For  noncrltical  AC  power  bus  Installations,  THD 
filters  are  not  required  but  the  Installation  of  the  filters  would  be  beneficial  to 
other  equipment  connected  to  the  bus.  The  regions  can  decide  for  themselves  If 
they  want  to  Install  THD  filters  at  these  locations. 


ft.  ACRONYMS  AND  ABBREVIATIONS. 


A/C 

AGC 

ARSR 

ARTCC 

ASR 

ATCT 

BER 

bps 

COTS 

dB 

DMN 

E&N 

ECP 

EMI 

ER 

FAA 

GHz 

LDRCL 

LRU 

LVBD 

LVLD 

MHz 

ms 

MTP 

NAS 

NDI 

OT&E 

PCP 

PIAR 

RCAG 

RCL 

RCLR 

RF 

RFI 

TIMS 

THD 

TO/ER 

TOR 

TRACON 

TVRTM 


alternating  current 

Automatic  Gain  Control 

Air  Route  Surveillance  Radar 

Air  Route  Traffic  Control  Center 

Airport  Surveillance  Radar 

Air  Traffic  Control  Tower 

Bit  Error  Rate 

bits  per  second 

Commercial  Off-the-shelf 

Decibel 

Data  Multiplexing  Network 
Ear  and  Mouth 

Engineering  Change  Proposal 
Electromagnetic  Interference 
Extended  Range 

Federal  Aviation  Administration 
gigahertz 

Low  Density  Radio  Communications  Link 

Line  Replaceable  Unit 

Low  Voltage  Battery  Disconnect 

Low  Voltage  Load  Disconnect 

megahertz 

millisecond 

Master  Test  Plan 

National  Airspace  System 

Nondevelopaental  Item 

Operational  Test  and  Evaluation 

Power  Conversion  Products 

Private  Line  Automatic  Rlngdown 

Remote  Air  to  Ground 

Radio  Comnunlcatlons  Link 

Radio  CouBunlcatlons  Link  Repeater 

Radio  Frequency 

Radio  Frequency  Interference 

Transmission  Isqiairaent  Measurement  Set 

Total  Harmonic  Distortion 

Transmission  Only  Extended  Range 

Technical  Onsite  Representative 

Terminal  Radar  Approach  Control 

Test  Verification  Requirements  Traceability  Matrix 
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APPENDIX  A 
FAA-E-2853A 

TEST  VERIFICATION  REQUIREMENTS  TRACEABILITY  MATRIX  (TVRTM) 


Paragraph  No.  Raqulraaent  Daacrlption  SubsystMi  Systen  FAT  Key  Pass/ 

Level  Level  Site  Fall 


Verification  Method  Conducted. 

Passed,  Meets  requirement  without  comment,  N/T  -  Not  Tested,  N/A  -  Not  Applicable, 
N/V  -i  Not  Completely  Verified. 

Paragraph  Passed  with  the  exception  of  the  seismic  rack  which  was  not  available. 
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Verification  Method  Conducted. 

Passed,  Meets  requirement  without  coosnent,  N/T  -  Not  Tested,  N/A  -  Not  Applicable, 

N/V  -  Not  Completely  Verified. 

•  Remote  control  of  the  LVBO  does  not  work.  Auto  reset  does  not  work  as  per  specification. 


Paragraph  No.  RequireaenC  Description  Subsystem  System  FAT  Key  Pass/ 

Level  Level  Site  Fall 
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There  were  no  new  towers  at  this  key  site.  This  requirement  did  successfully  pass  at 
the  first  key  site  for  the  1.8  GHz  digital  radio. 

Not  tested  by  ACW,  AOS  responsibility. 

The  equlpiaent  does  not  meet  all  the  requirements  as  specified,  and  does  not  operate 
within  the  noznal  operating  tolerances  as  states  In  the  equipment  doctuientatlon. 


Paragraph  Mo.  Raquirenant  Description  Subsystea  System  FAT  Key  Pass/ 

Level  Level  Site  Fail 
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APPENDIX  B 

OPERATIONAL  USER'S  REQUIREMENTS 
TEST  VERIFICATION  REQUIREMENTS  TRACEABILITY  MATRIX  (TVRTM) 


Requireawnt  Description  I  Integration  1  Shakedown  FAATC  I  Key  I  Notes 
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Verification  Hethod  I  Test  Location 


